A 990 bp full-length gene (xynAHJ2) encoding a 329residue polypeptide (XynAHJ2) with a calculated mass of 38.4 kDa was cloned from Bacillus sp. HJ2 harbored in a saline soil. XynAHJ2 showed no signal peptide, distinct amino acid stretches of glycoside hydrolase (GH) family 10 intracellular endoxylanases, and the highest amino acid sequence identity of 65.3% with the identified GH 10 intracellular mesophilic endoxylanase iM-KRICT PX1-Ps from Paenibacillus sp. HPL-001 (ACJ06666). The recombinant enzyme (rXynAHJ2) was expressed in Escherichia coli and displayed the typical characteristics of low-temperatureactive enzyme (exhibiting optimum activity at 35 o C, 62% at 20 o C, and 38% at 10 o C; thermolability at ≥45 o C). Compared with the reported GH 10 low-temperature-active endoxylanases, which are all extracellular, rXynAHJ2 showed low amino acid sequence identities (<45%), low homology (different phylogenetic cluster), and difference of structure (decreased amount of total accessible surface area and exposed nonpolar accessible surface area). Compared with the reported GH 10 intracellular endoxylanases, which are all mesophilic and thermophilic, rXynAHJ2 has decreased numbers of arginine residues and salt bridges, and showed resistance to Ni 2+ , Ca 2+ , or EDTA at 10 mM final concentration. The above mechanism of structural adaptation for low-temperature activity of intracellular endoxylanase rXynAHJ2 is different from that of GH 10 extracellular low-temperature-active endoxylanases. This is the first report of the molecular and biochemical characterizations of a novel intracellular low-temperatureactive xylanase.
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Keywords: Intracellular, low-temperature-active, xylanase, saline, structural adaptation Xylan, a β-1,4-linked polymer of xylose residues, is the primary component of hemicellulose, which represents the second most common component of renewable biomass on earth [5] . Cleaving internal linkages on the β-1,4-xylose backbone, the acting mode of endoxylanases (E.C. 3.2.1.8), is the key step for the biodegradation of xylan. Endoxylanases have been isolated from various microorganisms and most members fall into the glycosyl hydrolase (GH) families 10 and 11 based on amino acid sequence similarities [8] .
According to the presence of a signal peptide at the N-terminus region, endoxylanases are extracellular or intracellular. So far, a few intracellular endoxylanases have been studied [1, 6, 9-11, 16, 17, 21, 25, 26, 28, 33] and revealed that extracellular endoxylanases generally recognize long and branched native xylan whereas intracellular members are mainly responsible for short xylooligosaccharides, the degrading product of native xylan. These identified intracellular endoxylanases showed their biochemical characterization as mesophilic or thermophilic but not lowtemperature-active.
Low-temperature-active endoxylanases are enzymes retaining high catalytic activity at low and intermediate temperatures. They are valuable both for the basic research and various potential industrial applications [5] , such as the mechanism of structural adaptation for low-temperature activity and application of low-temperature-active endoxylanases in aquaculture, and those biotechnological processes where heating increases the economical cost and where low temperatures are required to avoid microbial development and fermentation, product denaturation, and alteration of ingredient and/or product quality (e.g., flavor, color, etc.) [5, 24, 29, 35] . To date, only 7 GH 10 low-temperatureactive endoxylanases have been reported [12, 13, 19, 22, 29, 30, 35] , all of which are extracellular endoxylanases except the unidentified Cryptococcus adeliae ATCC201412 (CAA75630, incomplete N terminal).
Novel genetic resources and enzymes could be bred in saline environment, such as unidentified bacteria in saline sediment and marine environments [32] and salt-tolerant xylanase [12] . In this study, we described the cloning of a novel GH 10 intracellular low-temperature-active endoxylanase gene from Bacillus sp. HJ2 harbored in a saline soil. The gene was expressed in Escherichia coli, and the purified recombinant enzyme was characterized. Furthermore, the sequence, phylogenetic, and structure profiles of the GH 10 intracellular low-temperature-active endoxylanases were revealed.
MATERIALS AND METHODS
Vectors and Reagents E. coli Trans1-T1 and E. coli BL21 (TransGen, Beijing, China) were used for gene cloning and expression, respectively. Nickel-NTA agarose (Qiagen, Valencia, CA, USA) was used to purify the His 6 -tagged protein. Genomic DNA isolation, DNA purification, and plasmid isolation kits were purchased from Tiangen (Beijing, China). The pMD 18-T vector, restriction endonucleases, T4 DNA ligase, DNA polymerase (Taq and Pyrobest), and dNTPs were purchased from TaKaRa (Otsu, Japan). The pET-28a(+) vector was purchased from Novagen (San Diego, CA, USA). Substrates birchwood xylan, beechwood xylan, oat-spelt xylan, barley β-glucan, pullulan (from Aureobasidium pullulans) and carboxymethyl cellulose sodium salt were purchased from Sigma (St. Louis, MO, USA). Isopropyl-β-D-1-thiogalactopyranoside (IPTG) was purchased from Amresco (Solon, OH, USA). All other chemicals were of analytic grade.
Microorganism Isolation
The saline soil was collected from an abandoned salt mine located in the "town of salt" on the famous "Silk Route of the South," Heijing town in Yunnan Province, China. Two gram of soil was suspended in 0.7% (w/v) NaCl and spread onto screening agar plates containing 0.5% (w/v) soybean meal, 0.1% (w/v) peptone, and 0.1% (w/v) NaCl. Cultured at 10 o C for 3 days, 11 strains were selected based on colony shape, and further purified through repeated streaking on Luria-Bertani (LB) plates at 10 o C. These pure strains were individually inoculated into xylanase-inducing medium containing 0.5% (w/v) birchwood xylan, 0.1% (w/v) peptone, and 0.1% (w/v) NaCl. One strain, designated HJ2, showed significant activity of intracellular xylanase at 10 o C. The taxon of the strain was identified by its 16S rDNA sequence PCR-amplified using primers 27F and 1492R [18] .
Gene Cloning and Sequence Analyses
Owing to the failure of purification for native intracellular endoxylanase from HJ2 and the requirement of the endoxylanase amino acid sequence for study on following phylogenetic and structure analyses, the cloning of the endoxylanase gene (xynAHJ2) was carried out. Genomic DNA from strain HJ2 was extracted using the Tiangen genomic DNA isolation kit following the manufacturer's instructions. The degenerate primer set ( Table 1; To obtain the full-length endoxylanase gene, the 5' and 3' flanking regions of the partial endoxylanase gene were obtained using a time-saving and reduced-cost thermal asymmetric interlaced (TAIL)-PCR with 11 arbitrary degenerate primers [34, 36] and four nested insertion-specific (SP) primers ( Table 1 ). The annealing temperatures used for high stringency are shown in Table 1 . PCR products of the appropriate size were gel purified and directly sequenced.
All primers were designed and analyzed using Primer Premier 5.0 (PREMIER Biosoft International, Palo Alto, CA, USA) and Oligo 6.0 (Molecular Biology Insights, Cascade, CO, USA) software, and synthesized by Invitrogen (Carlsbad, CA, USA).
Sequences assembly and alignments were performed using Vector NTI 10.3 software (InforMax, Gaithersburg, MD, USA). The signal peptide in the deduced amino acid sequence was predicted using SignalP (http://www.cbs.dtu.dk/services/SignalP/). The alignment of Table 1 . Primers used in this study.
Primer name
Primer 
Phylogenetic and Structure Analyses
Multiple sequences alignment, distance matrices calculation (Kimura two-parameter model for nucleotides and PAM model for amino acids), and phylogenetic trees construction (neighbor-joining algorithms) were performed with MEGA 4.0 [27] . The reliability of the resulting trees was assessed using 1,000 bootstrap repetitions. The tertiary structure of recombinant XynAHJ2 (rXynAHJ2), thermophilic GH 10 intracellular endoxylanases iH-BSXYNA-Tx (CAA76420) and iH-XynMT1-Gs (AAZ74783), mesophilic GH 10 intracellular endoxylanases iM-iXylC-Cl (ADE08352) and iM-KRICT PX1-Ps (ACJ06666), and low-temperature-active GH 10 extracellular endoxylanases eL-Xyn10-Fs (AAY98787) and eL- Sequences are as follows (including the microbial source and accession number): eH-XynB-Tm, GH 10 extracellular thermophilic endoxylanase from Thermotoga maritime MSB8 (AAD35164 or 1vbr); eM-XYN1-Bs, GH 10 extracellular mesophilic endoxylanase from Bacillus stearothermophilus T-6 (AAD35164 or 1hiz); eL-Xyn10-Fs, GH 10 extracellular low-temperature-active endoxylanase from Flavobacterium sp. MSY2 (AAY98787); iH-BSXYNA-Tx, GH 10 intracellular thermophilic endoxylanase from Thermobacillus xylanilyticus D3 (CAA76420); iM-KRICT PX1-Ps, GH 10 intracellular mesophilic endoxylanase from Paenibacillus sp. HPL-001 (ACJ06666); XynAHJ2, GH 10 intracellular low-temperature-active endoxylanase from Bacillus sp. HJ2 (JF745867; this study). Identical residues are shaded in black and conserved residues and blocks are shaded in gray. The solid-line frames and dotted-line frame indicate blocks used for designing degenerate primers and putative distinct amino acid stretches of GH 10 intracellular endoxylanases from extracellular endoxylanases, respectively. The asterisks show the putative catalytic residues. The internal peptides identified by MALDI-TOF/MS are underlined with black bars.
XynA-Gm (ACN76857) were predicted by homology modeling using SwissModel (http://swissmodel.expasy.org/) ( Fig. 1 ; Table 2 ). Disulfide bridges, salt bridges (distances ≤4 Å), and hydrogen bonds were predicted with DiANNA 1.1 [7] , VMD 1.8.6 [14] , and UCSF Chimera 1.2540 [23] , respectively. Accessible surface area (ASA) and packing volume were calculated using VADAR [31] .
Expression of xynAHJ2 in E. coli
To express xynAHJ2 in E. coli, the gene was amplified by PCR using primers rxynAHJ2EF and rxynAHJ2XR ( Table 1 ). The PCR product was gel purified, digested with EcoRI and XhoI, and cloned into the corresponding sites of the pET-28a(+) vector. The recombinant plasmid, pET-xynAHJ2, was transformed into E. coli BL21 (DE3) competent cells. Transformants were identified by PCR analysis and further confirmed by DNA sequencing.
A positive transformant harboring pET-xynAHJ2 was picked from a single colony and grown overnight at 37 o C in LB medium supplemented with 100 µg/ml kanamycin. The culture was then inoculated at a 1:100 dilution into fresh LB medium containing kanamycin and was grown aerobically at 37 o C to an A 600 of approximately 0.7. IPTG was then added to a final concentration of 0.7 mM for induction at 20 o C for 20 h.
Purification and Identification of Recombinant Xylanase
To purify rXynAHJ2 (His 6 -tagged), cells were harvested by centrifugation at 10,000 ×g for 8 min at 10 o C, washed with sterile distilled H 2 O and resuspended in sterilized ice-cold buffer A (20 mM Tris-HCl, 0.5 M NaCl, pH 7.2). The cells were disrupted by sonication (7 s, 150 W) on ice for several times and centrifuged at 10,000 ×g for 10 min at 10 o C. The supernatant was applied to a Ni 2+ -NTA agarose gel column for purification with a linear imidazole gradient of 20-500 mM in buffer A.
The purified protein was detected with sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) performed using a 12% running gel. To identify the purified protein, the in-gel band was digested with trypsin and analyzed using matrix-assisted laser desorption/ionization time-of-flight/mass spectrometry (MALDI-TOF/MS) by Tianjin Biochip (Tianjin, China). The Bradford method [3] was employed to determine protein concentration, using bovine serum albumin as the standard.
Enzyme Assay
Xylanase activity was determined by measuring the release of reducing sugar from birchwood xylan using the 3,5-dinitrosalicylic acid (DNS) reagent. The standard reaction contained 0.1 ml of appropriately diluted enzyme and 0.9 ml of McIlvaine buffer (pH 6.5) containing 0.5% (w/v) birchwood xylan. After incubation at 37 o C for 10 min, the reaction was stopped with 1.5 ml of DNS reagent, and then the mixture was boiled for 5 min and cooled down to room temperature to measure the absorption at 540 nm. One unit (U) of xylanase activity was defined as the amount of enzyme that released 1 µmol of reducing sugar equivalent to xylose per minute. The enzyme activity was assayed by following this standard procedure unless otherwise noted. Cellulase, glucanase and pullulanase activities were also determined by the DNS method using 0.5% (w/v) carboxymethyl cellulose sodium, barley β-glucan, and pullulan as the substrate under the standard conditions, respectively.
Biochemical Characterization
Characterization of the purified rXynAHJ2 was determined using birchwood xylan as substrate. The optimal pH for xylanase activity of purified rXynAHJ2 was determined at 37 o C in buffers with pH ranging from 4.0 to 11.0. The enzyme stability at different pH values was estimated by measuring the residual enzyme activity after incubating the enzyme (0.01 mg) solution in various buffers at K m , V max , and k cat values for purified rXynAHJ2 (0.015 mg) were determined using 1-10 mg/ml birchwood xylan as the substrate in McIlvaine buffer (pH 6.5) at 35 o C. The data were plotted according to the Lineweaver-Burk method [20] .
Nucleotide Sequence Accession Numbers
The nucleotide sequences for the Bacillus sp. HJ2 16S rDNA and xylanase gene (xynAHJ2) were deposited in GenBank under the accession numbers JF745865 and JF745867, respectively.
RESULTS

Strain Identification
The comparison of the partial 16S rDNA sequence from strain HJ2 (706 bp; JF745865) with that in GenBank showed a nucleotide identity of 99.9% with Bacillus niacini AS2-8 (Accession No. JF496375), 99.9% with Bacillus sp. RC33 (FJ263036), and 99.7% with Bacillus sp. 210_54 (GQ199756). Thus, strain HJ2 was classified into the genus Bacillus and deposited in the China General Microbiological Culture Collection Center under CGMCC 1.10962. The distance tree created by the neighbor-joining method also revealed the same classification (data not shown).
Gene Cloning and Sequence Analyses
A fragment of xynAHJ2 (150 bp) was amplified by PCR using the degenerate primers iXyn10F and iXyn10R. DNA fragments amplified by TAIL-PCR were separated on 2% agarose gels. The PCR products showing the expected differential shift were purified, sequenced, and then aligned with the xynAHJ2 fragment.
The full-length xynAHJ2 (JF745867), which is 990 bp, starts with the putative codon ATG, ends with TAG, and encodes a 329-residue polypeptide (XynAHJ2) with a calculated mass of 38.4 kDa. No signal peptide but a catalytic domain of GH 10 from S10 to F329 was detected in XynAHJ2 based on sequence analysis. The conserved residues of GH 10 endoxylanases and putative active sites (E132 and E239) in XynAHJ2 are shaded in Fig. 1 .
The deduced amino acid sequence of XynAHJ2 showed the highest identities of 65.3% with the identified GH 10 intracellular mesophilic endoxylanase iM-KRICT PX1-Ps from Paenibacillus sp. HPL-001 (ACJ06666), 64.4% with the GH10 mesophilic intracellular endoxylanase iM-iXylC-Cl from Cohnella laeviribosi HY-21 (ADE08352), 63.2% with the GH 10 intracellular thermophilic endoxylanase IXT6 from Geobacillus stearothermophilus T-6 (ABI49937 or 2q8x) or iH-XynMT1-Gs from G. stearothermophilus MT-1 (AAZ74783), 59.9% with the GH 10 intracellular thermophilic endoxylanase iH-BSXYNA-Tx from Thermobacillus xylanilyticus D3 (CAA76420), and <45% with the reported low-temperature-active GH 10 extracellular endoxylanases ( Fig. 1, 2 ; Table 2 ) [12, 13, 19, 22, 29, 30, 35] .
Phylogenetic and Structure Analyses
A phylogenetic tree was constructed based on the representative GH 10 intracellular and extracellular thermophilic, mesophilic, and low-temperature-active endoxylanases (Fig. 2) . High bootstrap values separated these endoxylanases into two distinct clusters: i cluster and e cluster consisted of intracellular and extracellular endoxylanases, respectively. XynAHJ2 from Bacillus sp. HJ2 was grouped in the i cluster, which is close to intracellular endoxylanases but far from low-temperature-active extracellular endoxylanases.
Homology modeling of rXynAHJ2, iH-BSXYNA-Tx, iH-XynMT1-Gs, iM-iXylC-Cl, iM-KRICT PX1-Ps, eL-Xyn10-Fs, and eL-XynA-Gm was performed using 2q8xA or 1ur2A (a PDB member) as a template and summarized in Table 2 . The identity values with homology template (>40%) and QMEAN4 scores (>0.65) suggested the satisfactory quality of these structure models [2] . The numbers of arginine residues and salt bridges of GH 10 intracellular thermophilic and mesophilic endoxylanases were more than that of the GH 10 extracellular lowtemperature-active endoxylanases and rXynAHJ2. However, other parameter values including the numbers of glycine, proline, disulfide bridges, and hydrogen bonds, ASA, and packing volume were similar or showed irregularity. Furthermore, compared with GH 10 extracellular lowtemperature-active endoxylanases eL-Xyn10-Fs and eL-XynA-Gm, rXynAHJ2 showed less total ASA and exposed nonpolar ASA.
Expression and Purification of rXynAHJ2
The gene coding for xynAHJ2 was expressed in E. coli BL21 (DE3) and induced with 0.7 mM IPTG at 20 o C for 20 h. The crude enzyme extracted from recombinant E. coli BL21 (DE3) cells was purified to electrophoretic homogeneity by Ni 2+ -NTA metal chelating affinity chromatography (Fig. 3) . The purified enzyme migrated as a single band on SDS-PAGE with a molecular mass of 46 kDa, which is close to the calculated value of rXynAHJ2 (43.1 kDa). Three internal peptides from the purified enzyme ( Fig. 1) , VYEEYFNIGAAVNLNTIK, AFEYAHEADPDALLFYNDYNESNPEK, and NHITSV TFWGAADDYTWLSDFPVR that were randomly selected from the results of MALDI-TOF/MS, matched the deduced amino acid sequence of rXynAHJ2, confirming that the purified enzyme was indeed rXynAHJ2.
Enzyme Characterization
Determined at pH 6.5 and 35 o C, the specific activity of purified rXynAHJ2 towards substrates of 0.5% (w/v) beechwood xylan, oat-spelt xylan, and birchwood xylan was 19.6, 15.0, and 13.5 U/mg, respectively, and at pH 6.5 and 20 o C, the specific activity of the purified xylanase towards substrates of 1.0% (w/v) wheat bran, corn bran, soybean meal, and cottonseed meal was 0.016, 0.012, 0.008, and 0.005 U/mg, respectively. However, no activity of rXynAHJ2 was detected towards substrates of 0.5% (w/v) barley β-glucan, pullulan (from Aureobasidium pullulans) and carboxymethyl cellulose sodium salt. The xylanase activity of purified rXynAHJ2 was apparently optimal at pH 6.5 when assayed at 37 o C, and >50% of the maximum activity was retained between pH 5.5 and 10.0 (Fig. 4A ). The enzyme retained more than 50% of the initial activity after incubation in buffers ranging from pH 6.0 to 10.0 at 25 o C for 1 h (Fig. 4B) .
Purified rXynAHJ2 showed apparent optimal activity at 35 o C when assayed at pH 6.5, retaining 62% of the maximum activity when assayed at 20 o C, and 38% at 10 o C (Fig. 4C ). rXynAHJ2 was stable at 37 o C for >60 min, whereas at temperatures ≥45 o C, the half-life of the enzyme was <5 min (Fig. 4D) .
The xylanase activity of purified rXynAHJ2 (0.01 mg) in the presence of 10 mM different metal ions or chemical reagents is shown in Table 3 . The activity was completely inhibited by Hg 2+ and SDS, strongly inhibited by Pb 2+ and Cu 2+ , and partially inhibited by Fe 2+ , Cr 3+ , Zn 2+ , and 500 mM Na + . β-Mercaptoethanol and EDTA enhanced the activity. Addition of other reagents had little or no effect on the enzyme activity. Based on a Lineweaver-Burk plot, the K m , V max , and k cat values were 0.5 mg/ml, 16.1 µmol/min/mg, and 11.9/s, respectively, using birchwood xylan as the substrate.
DISCUSSION
The negative prediction of signal peptide suggested XynAHJ2 was an intracellular endoxylanase. Gallardo et al. [10, 11] revealed that GH 10 intracellular endoxylanases formed a new subclass separated from extracellular endoxylanases in this xylanase family with distinct amino acid stretches, AIE_YASL and RTDL__PT_EM ( Fig. 1) , which are required for binding decorated xylooligosaccharides or intracellular xylanases activity. Our phylogenetic analysis put XynAHJ2 into the GH 10 intracellular endoxylanases cluster (Fig. 2) with the above distinct amino acid stretches ( Fig. 1) , further indicating XynAHJ2 belongs to GH 10 intracellular endoxylanase.
The temperature profile of rXynAHJ2 (exhibiting optimum activity at 35 o C, 62% at 20 o C, and 38% at 10 o C; thermolability at ≥45 o C) showed the typical characteristics of a low-temperature-active enzyme. To our knowledge, this is the first report of a GH 10 intracellular low-temperatureactive endoxylanase. Compared with the reported GH 10 lowtemperature-active endoxylanases, which are all extracellular, XynAHJ2 showed the low amino acid sequence identities (<45%), low homology (different cluster), and difference of structure (decreased amount of total ASA and exposed nonpolar ASA) ( Fig. 1, 2 ; Table 2 ). Interestingly, gene xynAHJ2 was cloned from a well-known bacterium (a Bacillus strain). Owing to the common inhibition of xylanases activity at high salt concentration, including rXynAHJ2 and salt-tolerant endoxylanases [12, 15] at >0.5 M salt concentration, intracellular endoxylanase could be protected by the cytomembrane from salt and might be an alternative for a microorganism to adapt saline environmenthydrolyzing xylooligosaccharides from the degradation of native xylan by other salt-tolerant endoxylanases. Thus, it is likely that the saline soil environment is a significant force for the production of novel endoxylanase XynAHJ2 in Bacillus sp. HJ2. Compared with mesophilic and thermophilic counterparts, low-temperature-active enzymes generally have some common features, such as a decreased number of proline and/or arginine residues, disulfide and/or hydrogen bonds, and/or salt bridges, and an increased number of glycine residues, and/or a larger total ASA and/or exposed hydrophobic ASA, and/or longer surface loops [24, 29, 35] . In the case of low-temperature-active rXynAHJ2, the decreased numbers of arginine residues and salt bridges might lead to a reduced stability and enhanced flexibility of the molecular structure of rXynAHJ2, resulting in maintaining the xylanse activity at low temperature (Table 2) . Thus, site-directed mutagenesis focusing on decreasing the numbers of arginine and salt bridges might be efficient for improving the low-temperature activity of GH 10 intracellular xylanases. Moreover, the structure profile of GH 10 extracellular low-temperature-active xylanases was previously reported and revealed that fewer salt bridges and hydrogen bonds were the keys for the low-temperature activity [35] , suggesting the different mechanism of structural adaptation for low-temperature activity between GH 10 extracellular and intracellular xylanases.
The effects of metal ions and chemical reagents on the activity of GH 10 intracellular endoxylanases have seldom been reported [1, 16, 17, 33] . Heavy metal ions, such as Pb 2+ , Ag + , Cu 2+ , or Hg 2+ , can strongly bind irreversibly with the main polypeptide chain or side-chain via anionic carboxylic groups, thiol groups, indole rings, or other ligands, and finally render the enzyme ineffective or strongly inhibited [4, 17] . Cu 2+ , Zn 2+ , or Hg 2+ at >5 mM final concentration generally strongly inhibited these intracellular endoxylanases activities (remaining ≤50% activity). The activity of rXynAHJ2 was strongly inhibited by Cu 2+ or Hg 2+ but partially inhibited by Zn 2+ (remaining 88% activity; Table 3 ). Ni 2+ , Ca 2+ , or EDTA at >5 mM final concentration strongly inhibited intracellular endoxylanases XynA4 [1] and iH-XynMT1-Gs [33] , iH-XynMT1-Gs and iM-KRICT PX1-Ps [16] , or iM-KRICT PX1-Ps and iM-iXylC-Cl [17] , respectively, but showed no effect on the enzyme activity of rXynAHJ2 (Table 3 ).
In conclusion, a GH 10 intracellular low-temperatureactive endoxylanase XynAHJ2 from Bacillus sp. HJ2 harbored in a saline soil was cloned and expressed in E. coli. Sequence, phylogenetic, and structure analyses and enzyme characterization revealed the novelty of XynAHJ2 as a GH 10 intracellular and/or low-temperature-active endoxylanase. Thus, XynAHJ2 might represent a good material to study the relationship between the structure and function of intracellular and/or low-temperature-active endoxylanases and an alternative to aquaculture and lowtemperature biotechnological processes.
